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INHERENTLY LIGHT- AMD HEAT -STABILIZED POLYAMIDE A^SD METHOD OF I-IA- 
KIKIG THE SAME 

S Description 

This irivention relates polyamides. More particularly, this in- 
vention Eelstes to ijiherently light- and heat-stabi J iaeiS poly 
amides ar.d to methotis of making such polyeitiides . Thip invention 
10 also relates to articles produced from such polyantidea . 

PolyamideB tend to degrade wben exposed to light and/or heat. For 
eKaniple, the ajniiio end groups (i.e., the primary dye sites for 
acid dyes) o^ a polyamide are reduced during melt extrusion of 
IS the polyamide and d-uring exposure of polyamide fibers or other 
polyannide ar-icles to light and/or heat, in addition, polyamide 
fabrics such as, for example, carpets and textiles which have 
been dyed with =ert&in classes of dyes, lose color and f.B.Afi when 
exposed to light and/ or heat. 

2D 

Furthermore, the heat reeiatance of polyamides such aa, for 
eatampLe, nylon 6 and nylon 6/6, is not sufficient for certain ap- 
plications. For eKaircle, during the dyeing of polyaiaide-contai ■ 
ning c&rpets, yamia, and textile fabrics and in certain heat-set - 
25 tii}gpToc:^es3ee snd end-use applications ^ chemical ch&ngeS ocicur 
which may cause problems, e.g., dxlI dative /thermal damage. Th«se 
problems m&y involve continuous filaiTients or staple fibers. 

Stabilizers have been used to irt^rove the heat resistance of 
30 polyamides. The stabilizers may be added before, daring, or after 
polymerization, and erven as late as the proceesing stage. The 
convent iona.1 known stahiiizers are a.diaixed with the polymer and 
are not bound to the polymer chain; therefore, during processing 
or use of the polysiaide, the fitabiliaers can readily migrate out 
35 of the polymer, avapoT^ntf?, or hi?, vrpffht^-ct nut;, This meajis that the 
activity of the statoilizatioji is reduced in aji undeaired maimer, 
and impurit^ies are released to the surroundings {e.g., air, dye 
bath, etc. } . 

*0 Certain eopp&r atabiliaers have also been added either during 
extrusion or in the dye bath to minimize polyeunide tj&gradati.on 
due to e^qposure to light and/or heat. This practice, however, is 
expensive, disturbs processing, and presents environniental pro- 
blems. 
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tiniteta States Patent Application Serial MuuLber 09/044,031; which 
la &B signed to BA5F Corporation, relates to a process fo^ making 
etabiliz^d salution-dyed fibers by melting & polyamiae conrpriBing 
amide monomerE polyinerized in the presence of at least one liinde- 
5 red piperidine compound and calorlng the melted polyemide vith a 
colorant. 

mited States Patent Application Serial Numiber 08/fl04,312, whiuh 
ie asstcmsd to BASt' Corporation, relates to a proceas for prepa- 

10 rini? photocliemic: ally- El table, dyed nylon compoaitlona comiprisiTig 
providing to a otye batJi a shaped article of poly fepsi Ion- capro- 
lactam) liydrDlytically polymerised in the presence of water and a 
hindered pipsridine derivative and, in tlia dye bath, dyeing the 
shaped artiola with cms or jnor& mebaliaed or iijonnietaliaed acid 

15 dyeatuff B . 

A PCT application, Initexiiational Application Ho. PCT/Ef 95/01349, 
describes an inherexitly staijilized. polyamiae containing at least 
one tri ace tone diamine compoiuad 

20 

represented by the formula 



25 




R 



30 

vfherein R is hydrogen, a hydrocarbon group having 1-2 D carbon 
atoms, or a benzyl group. The triacetone diamin-e campound baa a 
prljttary amino group (-MHi) that reacts with a carbojty end group of 
the poly amide mclecule during polvmerisabion, thus rendering the 
3& polymer light and heat atalale. The available carboxy end ^ro'jps 
of the polyamicle detexmine the airiount of the one or Hiore triace- 
tone diamine compouAdd that jiiay be added. 

An essay iu Poly- Deg. and Stab. 21^ 251-262 (13631 describes how 
40 the light stability ot polyamide S/6 is improved by adding 

2,2, 5y 6-tetramethylpi.peridiii.-4-ol (thp) . in a reccindenaation of 
the TMP- containing polyamide 6/S In the melt at 275" C under an 
atmosphere of i^ater vapor, the authors oZ the essay claim that 
TMP reacts with the earboKyl end groups of the poly amides . 
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Althcugh prior stafciliserfl are known, to be considerably satisrac- 
tory, there still remain aoiae ^rotleins to toe dissoivefa or iitgprs- 
ved. 



: It tae now toeen discovered thab polyamideB that are inlierently 
stable against light and heat may be provided by polymferizing 
pc ly amide ^for^ning moriomers in the psresence 

of (a) at least one piperidine copipouacl represented toy the for- 
mula (IJ ; 



R2 ^1 



Rl" — N 

R4 R£ 



wlierein Ri is hydrogen, benzyl, or a C1-C35 alkyl, Rj-Bg are each. 

2D hydrogen or tJie same or a different Ci-Cg alkyl, X has s. free va- 
lance bonding sites and is an Bl>cyl or substituted alteyl havimy 
from about 1 to about 30 carbon atoms or an aryl or substituted 
aryL having from abo-ut 6 to about 20 carbon atoitiB, m ia 0 or 1, 
-C (01 -P^ Is a group that ciui form an aaiide bond together with an 

25 amlner azid n is equal to 1, 2, or 3 and (b) at least one 

4-gjnino-2 ,2,5, 6 - tetraiuiethylpiperidine compound represented by 
f armiila {IX) : 



wherein is hydrogen, benzyl, or a C1-C20 alkyl. 

Accordingly, one eiabodiment the present invention is directed 
iO to an inheren-ly li^ht- and heat-stabilized polyajnide comprising 
a backbone polymer chain r at least one 



piperidyl radical represented by formula (III) : 



45 
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tX]„^ {O}- 



Rl R5 



10 wheirein R-^^ ia hydrogen, ben.2yl, or a Ci-Cjo alJcyl , R^-Sj ^ire each 
hydrogen or the eame or a different Gi-Cg alkyl, X haa n free va- 
XancE. bonding sites and Is an alkyl or siibistituted ^Ikyl having 
fronr. about 1 to about 30 carbon atoms or an aryl or subs tt tut ad 
a-ryl havinig' from about 6 to about 20 carbon atoms, m ia 0 or 1, 

13 and r. is egu&l to I, 2, o~ 3 and at least one 

4-aiiLino-2 , 2 , 6, S-tetramethylpiperidyl radical represented by for' 
mula (IV) ; 




vherein. R7 is hydrogen, benzyls or a. alkyl ^ wherein the one 

or more plperidyl radicals o± fonmula {iii) and the one or more 
■4-air.ino-2,2, 6, e-tetramethylpiperidyl radicals of formula (IV) are 
30 cbemically bonded to the backbone polvmer chain. In the presen-; 
invention^ the cJiemical bondinjg of the one or more piper idyl 
radiCc-ls of for,niula (tn) sjid the one or more 

4-aiainO"2,2, 6, S-tetramethylpiperidyl radicals of forrnvjla (JV) to 
the b&ckbo&e polymer chain provides the poly amide with inherent, 
35 or huilt-in, light- and heat- stability. 



in Q second embodirnetit , the present invention i& directed to a 
method of riaking an inherently light- and heat-stabilizad 50ly 
aniide comprisiA? at least one pip^xidyl radical ot forniula {III) : 



45 
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10 wherein P.i ie hydrog-en, bfeczyl, or a Ci-"20 alT^yl , Rj^Rj &re eacJh 
hydrogen or the eame or a ditferent C^-Ce alkyl, X has n free vs.- 
lance bonding sites an^ is ad alltyl or . substituted alkyl having 
from about ^ to about 30 carbon atCiins or an aryl or substituted 
eryl h^viIlg from about 6 to about 20 carbon atoms, m is 0 or 1, 

15 and u is equal to 1, 2-, or 3 and at least one 

4-amlno-2,2 , 6, 5-tetrametJiylpiperidyl radical of formula [IVJ : 



CH3, 



.CH3 
■CH3 



25 

wherein is hydrogen, benayl, or a Ci^-C^o alJcyl, wberein tlie 
radicals of formulae till) and (IV) are ehetiitially bonded 'to the 
backbone polymer chain, the riethod cowrie i&g subjecting poly- 
amide- forming monomers to a polymerization process in the pre- 
30 Bsnee of an. effective amount of at least one piperidine compound 
ot formula. (1} : 



40 

whjersir. Ri is hydrogen, benzyl, or a C1-C20 alkyli R2-K5 are each 
hydrogen or the eame or a different Ci-C^ &lkyl, X baa n free va- 
lance bonding sites and is an alley 1 or substituted alkyl having 
from about 1 to about 3C carbon atoms or an sryl or substituted 
45 aryl having £rom about 6 to aisout 20 carbon atoms, m is C dt- 1^ 
— C(0)-R^ la a group that can form an ipjnii^e bond together with an 
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Eiiniuti, iijid i; ia eqiial to 1, 2, or 3 and an effective amoont of at 
lEEiSiL unti 4-amino-2 , 2 , 5 , 6-tetramettiylpiri&ridine compoxmd Of for- 
mula (II) ; 



CH3- 



.CHj 

■CHa 



wherein R7 is hydrogen, benzyl, cr a C^-CiC alkyl. 

15 in yet another embodiiDeiit, the present invent ic?n is directed to 
polyainide fibers formed from the inherently light- and heeL-sta- 
toilized polyjsmidsa of the present invention. 

TiiUB, it, is a prijiiary abject of the present irtveiition to provide 
2G a light- and heat-stabilized polyamide wherEin the stabilizing 
caEiipaneiits are chemically bonded to the poly amide. 

Another object o£ the present invention is to provide & method of 
making a light- and heat-stabilieed polyamiSe wherein the a tabi- 
ds liaing coii5>onents are chGnnically bonded to the polyamide, 

A further object of the preBent invention iB to provide polyattiide 
fibers formed from making a light- and heat- stabilized polyamidSr 
wherein the stabiliEing components are chemically bonded to the 
30 polyamida. 

The above and otter objects, effects, features, and S-dvantagea of 
the present invention will becodne more apparent from the follo- 
wing detail^ description of the preferred embodiments thereof, 
35 particularly when viewed in conjunction with the accompanyin^r fi- 
gure* . 

FXG. 1 is a graph illustrating the yellowing of scoured knitted 
tubes after eKpoetire in a weathetometer for 7 00 hours, 

40 

FIG. 2 is a graph illustrating the percent strength retained for 
solution-dyed yams after expos-ure in a weatharoRteter . 

To promote an understanding of the principles of the present in- 
45 vention, descriptions of specific embodiments of the invention 
folloWj and apseifie language is ueed to describe the eaine. It 
will nevertheless be understood that no limitation of the scope 



wo 



PCT/EP99/WI931 



7 



of the ir.vention is inter^ded ty tris tise of this specific language 
and that E-lterationa , mctlf 1 cations , emiivalents, and ftirtlier ap- 
plications of the prineiplea of the invention discussed eon- 
tetTiplated aa would normally occur to one cf ordinary sltiil in the 
5 art to vhich the invention pertains. 

As used lierein with respect to the polyaraides ojE this invention, 
the term "inherently light- and heat-atabiliaed" meaiiB that the 
li^lit- and heat- stability are built into the polyasiide. in other 
10 words, the comDonents that render the polyamide Light- and heat- 
BtabiliEsd are chemically bonded to the hackbone polymer chain of 
the p<>lyaniide rather than merely physically admijted with the 
polyainids. 

IS As ueea herein with respect to the polyamides of this invention, 
whe phrase "both end groups th&t are terminated and a tab ill zed" 
irefers to the result that occurs when the piperidyl radical of 
formula (III) and the 4-aiiiino-2,3 , 6, S^tetraff^ethylpiperidine radi- 
cal of formula (TV) cliEmically bond to the hacJcbone polymer chain 

20 of the inherently light- acid heaths tabilized polymers, 

m on^ eifihodiinjentr the present invention is an inhszrently ligbt- 
and heat- staJbili zed poXysmide comprising &.t least one piper idyl 
radical represented by forinula {III} : u 



wherein Ri is hydrogen, benEyl, or a Ci-Cjd, preferably a Ca-C4, 
35 alkyl, H2-EI5 are each hydrogen or the sanke or a different Ci-Cg 
alkyl, X has n free valance bonding sites and is an. alkyl or sub- 
stituted alkyl having from about 1 to about 30 cartoon atoms or an 
aryX or substituted aryl having from about 6 to about 2C carbon 
ato3D£, II is 0 or 1, and n is e^nal to 1, 2, or 3 and at least one 
40 4^amino^2,2,&,6-tetramethylpiperidyl radical represented by for- 
mula (IV) J 



30 




45 
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(IV) 



10 wherein R7 ia hydrogen, benzyl, or a Ci-C^o, preferably Ci-Cia aJ^d 
more preferably c^-Ci, alkyl, wherein the at least one piperidyl 
radical of formula (III) and the ab least one 

4-aiiiino-2j2,S,6-tetrameth.ylpiperidYl radical of formula (IV) are 
chemically bonded to the backbone polymer chain of the inherently 
15 light- and heat-B tabiliaed polyanlde. 

The inherently light- and heat-Stabilized polyamide of the pxe- 
sertt invention la obtained by subjecting polyamide- forming 
monomers to a pOlytneri nation process in the presence of (a) an 
20 effective amount of at least one piperidine compound represented 
by formula (II ; 



wherein F,i is hydrogen., benzyl, or a Ci-C^Or preferably a 
allcyl, are each hydr-ogen or the eanie or a different Ci-Ce 

alkyl, X has n free valance bonding sites and is an alkyl or sub- 
stituted alkyl having from about 1 to about 30 carbon atodos or an 
35 aiyl or subs titu ted aryl having from about 6 to about 20 carbon 
atoms, m is 0 or 1, -C(0)-Rff is a group that can form an amide 
bond together with an amine, and n is equal to 1, 2, or 3 and {bj 
5.n effective amount of at least one 4-ajiiino-2,2, 6, ey-tetramethyl- 
piperidine coinpound represented by formula (II) : 



25 




Ra R5 



— ' 11 



40 



45 
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CH3 



10 wherein R7 is hydcogen, banzyl, or a Ci-C2d alkyl. PreferaObly, R7 
is e. Ci-Cj& alkyl and laore preEeratoly a Cj-C^ alkyl. 

in formula (I) , -C tO) -Re represents a group that can form an amide 
bond together with an Eutiiiie such Aa, for example, cajrboxyllc 

15 acid, alkyl ester, aryl ester, amide, and anhydride. Thus, R5 may 
be selected ttota the group consisting of hydroxyl? -CR^ where Rg 
is 9 C1-C3D alJcyl or a Cg-Cso ai:yl.; -KiHJis where Rg is hydrogen, & 
C1-C31) alkyl, or a Cs-C^c ^^'-i -^lo^n where Rm and Ru are each 
the same or a different Ci-Cgo e.lkyl or Cg-Cjo aryl; and -OCORja 

20 where Ria is a Ci-Cit alJtyl or a C^-Cao aryl. Most preferably, Rs 
is hydroxyl. 



with respect tu th« HUliydride (i.e., where is -OCORij) , it JTiiy 
be a syorttftetrica-l acihydride {i.e., R].^ aiid the piper idiae conpound 
25 □£ formula {1} are identical) or an as^jnAmetiTical anhydride {l^e., 
and the piper idine contpound of formula (l) are different) . A 
preferred aniiydride is d-carboxy-3,a,6,fi"t:etraiiiiethylpiperidiiie 
anhydride represented by formula (VI) ; 



30 



35 




As noted above 1 X is an alkyl having frora about 1 tc about 30 
40 carbon atoms or an aryl having from about 6 to about 20 carbon 
atoms. Alternatively r x laay also be a aubstit-jted aikyl having a 
C1-C3D alkyl bc.ckbone wherein one or more of the hydrogen atoiua is 
siLbstituted with di alkyl amine, alkoxj.^ chlorine, or fliaorine. 
Alternatively, X may also be a substituted aryl havir.g a Cj-Caa 
45 aryl baclcbone wherein one or more of the hydrogen atoms is sub- 
stitutsd with dialkyl amine, alkoxy, chlorine, fluorine, or a 
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Ci-Cao allcyl, Preferablyy X is 3e:^ected frairi the group consisting 
cf Ci-Cu alkyi, methylene, ethylane, &n&, if n is 2, -CHi 

The pref errsd piperidine cojnpound cf fcraula (I) is 
5 4-carboxy-2,2, &, e-tetraaetjiylpiperiaine {also referred to as 
"carboxy-TAD" ) , 

The polymeriHatiori process hy which the polyamide of the present 
invention is formed ia preferably carried out according to con- 

10 ventior.al processes such as, for example, those described in "J,S. 
Patent No, 5, 113 j"? 5 9 to Matthies, the entirety of which ia herein 
incorporated by reference, but with, the addition of an effective 
aiROiiiit of one or n:ore piperidina compounds of fonniula (I) and an 
affective amount of one or more 4-amino-2, 2 , G , fi-tetramethylpipe- 

15 rxdine compoui;d of fo^ula fit) . An effective amount: of at l&aat 
one piperidine ccit^ound of foi:nula (I) is an amount sufficient in 
coitibinatiDn with the one or more 4-airLinQ-2,2 , G, G-tetramethylpipe- 
ridine compounda of formula (II) to render the resultant poly- 
amifte inherently light- and heat-stable^ Preferably, the etfec- 

20 tive amount of the one or inore piperidine compounds cf formula 
(I) l3 in the range of about 0,01 to about 0.70, and more prefe 
rably about D . OS to about 0.50, weight percent baaed on the 
weight of the polyamide-f onning monoroers used. ha. &£rect:ive 
amount of at least one 4-amino-2,2, &, e-tetramethylpipeiridine 

25 ccMupound of formula tIJ) is an amount sufficient in combination 
with the one or more piperidi.^*?. campoTinds of fomiila (1) to ren- 
der the resultant polyamide inherently light- and heat-stable. 
Preferably, the. effective anwunt of the one or more 
4-eniioo-2 ,2, 5, 5-tetromethylpiperidine compounds of formula fll) 

30 ia in the range of about O.Dl to about 0.70, and laore preferably 
about D.DB to about 0.50, weig-ht percent based on the weight of 
the polyamide- forming monotners us ad. 

The one or more piperidine ccmpounds of formula (I) may be added 
35 to the polyamide-'f arming ciampounds or to the polynierizing 

reac:tiD^ mixture, "J^ub, the one or more piperidine cotupounds of 
formula (I) and the polyamide ^forming moncaners may be added sepa- 
ra.tely or as a mixture to a reactor in which polymerization is 
effected. 

4Q 

Via the carboxy groups (a) thereof, the one or more piperidine 
compounds of formula (I) reac- with the polyamide-f ominy 
monomers or with tlie atalrie groups of the resulting polyamide slich 
that the one or more piperidyl radicals ot formula (III) becomes 
45 chemically bonded to the backbone polymer chain of the polyamide. 
The chemical bonding of the piperidyl radicals of formula (III) 
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to "he backbone pclyitier chain of the polyamide provides the poly- 
amide with the itiherftr.t light- and heat-stataili ty . 

T^ie o^e or juote 4-iimiiio-2 , 2 , 5, 6-tetr*raiethylt)ipei'idiTje compounds 
5 of Eormijila {II) alsc dieoically bond to an end of the backbone 
pclymer chain of the polyamide ot the present invention through 
reaction of the primary amino groups of the one or more 
4-su[iino-2, 2, 6, 6-tetramebhylplparidiiae compoimds of formula til) 
with the polyamide-f crmlng monoitiers themselves or with the 
ID carbojiyl groups of the resulting polyamide. 

T'he resulting polyamide, therefore, will con. tain one or more 
ptpsrldyl radicaliS of formula {HI] : 



E2 R3 



wherein Ri is hydrogeii, benzyl i or & Ci-Cjo, preferably a Ca to C4, 
alkyl, R2^ii5 are each hydrogen or the ^aitie or a different Ci-Ce 
25 allcyl, X has n free valance housing sites and la an alkyl or sub- 
stituted alkyl having from about 1 to ahout 30 carbon atoms or an 
airyl or subBtituted ar:^''! having from about 6 to about 20 carbon 
atoms, in is 0 or 1, and n is equal to 1, 2, or 3 and cms or more 
4-a[[iijic-2,3. 6, e-tetramethylpiperidyl radicals of formula (iv) j 

30 



35 




(IV) 



wherein R7 ie hydrogen, benzyl, or a Ci-Cjo alltyl . Preferably, 
40 is a C1-C19 alkyl and more preferably a Ca-Ci alkyl, 

^The presence of the one or more 4-aiitino-2 , 2 , &, 6-tetrainethylpipe- 
ridine ccsrapounds of formu-la (11) during the polymerization of the 
polyamide -forming monesmers further enhances the ligh;- and heat- 
45 stability of the polyamide of the present inventioc. Because of 
stearic hindrance, it is believed that the seoOEidary amino groups 
of the one or more 4~a3iiinO"2, 2,6, 6-teri-a»ethylpiperidina 
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cortipcunda of formula (11) do not react with the po 1 y amide -forminQf 
monomerp or the T-eBuXr.ing polyamide. Thus, the cue or more 
4-a.mnci'2,2, 6 , 5-tetramethylpipferldine ccmpounds of forimila (II) 
may slIso f uncticn as a chain regulator, 

5 

The OTie or more i-amino-S , 2, 6, e-tetramethylpiperidias contpounds 
of formula (ri) may be added to the polyaiftide-f unuing moiicm&rEj or 
to the polymerizing reacLioa mixture. Prefer ably, the one or more 
4-amino-2,2,6i 6-tetramethylpiperidine compounds of formula (11) 
10 is added i-n an amaunt of from about 3,03 to about 0.30, more pre- 
fen^hJy froin stiout !>.0$ to about mole percent, each in re- 

lation to one mole of amide groups in the polyamide. 

Any jsuitSLble polyamide- forming monomer a may be used to £om the 
15 inherently light- and heat-etabilized polyamide of the present 
invention. Exaniples of such suital>le polyamide-f orziing monomers 
are diamine compounds, dicarboxylic acida, caprolactam monomera, 
and combinations thereof. 



20 Jkocording to one embodiment of the method o£ the present inven- 
tion, the polyaitkide- forming monomers are composed of at least one 
diamine confound and at least one dio&rboxylic acid, f referred 
diamine con^jounda are hexaraethylonodiamine and tetraonethylenedia - 
mine. Preferred dicarboxylic acids inolude adipic acid, eebacic 

25 acid, and terephthalic acid. Adipic acid and terephthalic aoid 
are most preferred. Alternatively, the polyamide- forming mcniomers 
may be compos &d of dioarboitylic acid diamine salt$> 

According to another embodiment of the method of the present in- 
30 vsntion, the polyamide -forming monomers are compostsd of capro- 
lactam monomers, which polymerise to form nylon G, 

In preferred embodiments of the present invention, the inherently 
light- and heat-stabilized polyaniide o£ this invention is nylon 
3S e, nylon 6/6, nylon 4/6, nylon 6/10, or aromatic nylons such as, 
for exaniple, poly (meta-phenylene i soph thai amide) and polytpara- 
phenylene tereph thai amide) , which are disclosed in U,3, Patent 
No. 3,287,224 to Sweeny and U,S. Patent Number 3,671,542 to Kwo- 
lecJc, both of which are incoiporated herein by reference* 

40 

in a more preferred embodiment of the method of the present in- 
vention, the one or more piperidine compounds of formula {!> and 
the one or more 4-amino-2 ^ 2 , 6 , 6-tetramethylpiperidine compoimda 
of forjnula fil) are combined with an effective amount of at least 
45 one conventional chain regulator. TPhe carbojiy gro-upls) of the 

chain regulator (s) react at the amino end ^roupa of the polyamide 
chain, while the amino group {s) of amine chain regulator (s) react 
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at ^ihs carbcKylic end groups cf the polyamide cliain. Thus, the 
chsin regul^toirfEj acts as a molecular weight controller. 

The particular cliain regula^;cr, or trumbinacion of chain re^jula- 
5 tors, arid the amount thereof are seiected according to the dasi- 
red aiKiino end group content c£ the final poli'amiiie product an<3 
according to the desired melt st^bjr.ity of the final polyamide 
product. The desired amino end group content of the final poly- 
amide product will depend qti the desired dyeability of the yams 
10 or filiere produced from such polyamide product. The desired snelt 
stability of the final polyamide product will depend on the er^c- 
ticQl requirements for the processing of the polyamide, particu- 
larly for the spinning of the polyamide, 

15 Suitable chai& recrulatOrs for use in the pteseist invention inc- 
lude, for esajiiple, monocarboijtylic acids, diearboKylic acids, 
amines, diamines, ana comlbinations thereof. Non-limiting examples 
of suitable monocarboxy^ic acids include acetic acid, propionic 
acid, and benzoic acid. Non-li.Tviting examples of suitable dicarb- 

20 oxylic acids include Cj-Cio alltane dicarboxylic acids, particu- 
larly adipic acid, azelaic acid, sebacic acid, decanedicarboxyiic 
acid, and dod«caaiedioic acid? Cs-Ce cycloalkame dicarboxylic 
acids, particularly cyclohexane-1 , 4-dicarboxylic acid; and hen- 
zoic dicartooxyllt acids, particularly Isophthalic acid, 

25 terephtha.lic acid, and naphtha lene-2, dicarboxylic acid- Non-li- 
miting exampleB of suitatle amines include hexylamine, cycle- 
hexylajnine, octylamine, bensylamine, and 2-phefiylethylamine. Kon- 
limitiag examples of suitable diamines include Cj-Cis allcane dia- 
mines, paxticularly tetramethylene diamine, hexamethylene 

30 diamine, and dodecane diamine; Cs^Cn cycloalkane diaisines; and 
C5-C34 aryl diamir;eH, particularly para-phenylene diamine, meta- 
phenylene diamine, met&-xylyletie diainine, and para-xylylene 
diamine. The chain regulator (si is preferably used in an amount 
of from about 0.0 6 to abovt 0.60, more preferably from about 0.10 

3B to ^bout CSO, mole percent, each in relation to one mole of 
aMidfi groups in ths polyamide. 

Preferably, the chain regulator {s ) used in the present invention 
is one or more dicarbojcylic acids or one or more diajnineiS, The 
40 dicarbasylic acid or diaitiine chain regulator (s) may be the same 
as or different from a- dicarbojcylic acid or diamine that is uaed 
a a a polyamide- forming COBlptTlnd. 

In another embodiment of the present invention, the method of 
45 polymerization of polyamide-f orming monomers in the presence of 
one or more piperidine compounds of formula fl) and one or more 
4-amino-2,2, e,6-tetramethylpiperidane compounds of formula (II) 
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is also ca.TTls:^ put i" the presence of one or mere pigments. Sui- 
table pigments for Use in the pregeat invention include, for 
examp^.e, titanium diDJcida and color-be&ring compounds of organic 
or inorganic nEiture, The pigtuentU) is prsferaily gotded to the 
5 polyamide-foming monomers or to the polymeriEin^ mixture in ax, 
amount of from about 0 to ibout 5, more preferably from about 
0,02 to about 2, parts by weig-ht per loo parts by weight of the 
polyaiaide product. 

10 Most pceferably, the method of the present invention comprises 
subjecting polygmide-f ontiing monoiners to polymerisition in the 
presence of one or more piperidine coHipounds of formula. (I) , one 
or piore 4-ainino-3 , 2 , E , 6-tetrafflethylpiperldine compounds of for- 
mula fll), and one cr more chain regulaLore and/or pigments 

15 

The present inver^tion is further directed to articles produced 
from the inhetently light- and heat-stabilized poly^mides and to 
methods of producing such articles. Hon^-liiiiitiii,? examples of such 
articles Irjclude fibers, yams, carpets, textile fabrics, and the 

30 Like, Fibers may be formed by subjecting the inherently light- 
and heat" stabilized polyamides of tii& present invention to any 
conventional fiber- forming process such as, for escainple. that 
disclosed in U.S. Patents Kos . 4,553,448 to Karageor^lou and 
5,flB7,S60 to Kent et al . , the entirety, of both of which are In- 

25 corporated herein by reference. Preferetaly, the f iter- forming 
process involves rapidly spinning the inherently light- and heat- 
stabilized poiyaitiide at take-off speeds of at least about 4.0D0 
jn/min. 



30 Similarly, fabrics may be formed by aubjecting the inherently 

lig:'at'- and heat-stabilized polyamides of tJie present invention to 
any conventional fabric-forming process such as, for example, 
that disclosed in U.S. Patent No. 4,518,947 to Speich, the ent- 
irety of which is incorporated herein by refer e^^ce 

35 

The articles formed from the inherently light- and heat-stabili- 
aed polyamides of the present invention may be dyed with conven- 
tional dyes used to dye nylons svch as, for example, metalized 
and non -metalized acid dyes. Usual dyebath conditionB for dyeing 

40 nylon can be employed. The following general conditions are exen- 
plary and not intended to be limiting. A dyebath is prepared at a 
volume equal to about 20 times the weight of the articles to be 
dyed. Processing chemicals are added including a chelating agent 
to prevent the deposition or complexing of metal ione in hard 

45 water, a dye leveling agent, and, in the case of metalized acid 
dyes, an acid donor to slowly lower the dyebath pa. The dyestuff 
is added, and the dyebath pH is adjusted. The solution is heated 
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to the desired temperature of typically ahout Ercwn 95" C to about 
110° C at a r^te OE frDiti about 0,5' C za about S.G" c per minute 
and is held at that teaiperature for about 30 jrinutes to about 60 
nin-Jtee . The dyebath is cooled or emptied, and the articles are 
5 tliorouglily rinsed mth fresh water. The dyed articles are ajrltad 
in a tumble drier or an oven such ae a Tenter or are passsd over 
heater cans* The dyed articles iriay then, be optioilAlly heatset to 
idprove dimenaional stability. 

10 Alternatively, fibers made £rcm the inherently light- and heat- 
stabilised polyamides af the present invention may be solution- 
dyed before being formed into articles, Usual conditions for 
solution-dyeing nylon can he employed. The following general 
conditions are exeanplary and not intended to be limiting. The 

IS pojyamide of the pregenc invention is aeltcd Eind colored with a 
colorent selected from the group coiiisistiiig o£ pigifier.La, dyes, 
any colored compomid vith properties between pigments and dyea, 
and comb i nation 3 thereof. The colored polyamide is then apim Into 
fibers or fabric according "to converitlonal methods auch as, for 

20 exaaiple, those diaclosed in U.S. Patent No. 4,983,448 to Kara- 
cr&orgiou^ U.S. Patent No. 5,487, 36C to Kent et al-, and U.S, Pa 
tent No. 4,916,947 to Speich. 

The preseat invention will be further described by reference "o 
25 the following dataited, exan^leE, The examplea are aet forth by 
way of illustration and are not intended to limit the scope of 
the invention. As used in. the exaji^les, the following tenas ajid 
test procedures are defined as follows: 

30 Weight Percent. 

The weight percentage of that oan^janent in the charge. 

Relative viscosity (RV) , 

The relative viscosity compares the viaoosity of a aoLution of 
35 polymer in fomic acid with the viscosity of the formic acid it- 
self fASTM D 789) . Hie test results reported herein were obtained 
^j-slng 0.20 g of nylon 6 dissolved in 20 cc. of formic acid at: 

Color Measurements. 

Color KLeafiureiBentg are ff.ade using an Applied Color Systems 
("ACS"} Spectrophotometer generating 1976 CIE LAB (B6500 illumi- 
nant, 10 degree observer) values. Total color difference (or 
Delta wherein higher Delta E values indicate more color 
*^ change) calculations are made against uneyposed controls. Details 
of CIE LAB measureinenf-.H and the calculation of total color diffe- 
rence {Delta E) are found in color science literature such as. 
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for exainple, Sillmeyer and M. Saltzman, PrincipleB of Color 
Technology, 2nA aditlon, 

Endl Group Content, 
5 The amir^o enij group conte:iL ia determined by dissolving about 2.Q 
g of nylon S in about 60 cc. of a phenol -methanol raixture 
(68:32) . This soiution is titrated with about 0.2O noxmal HCl at 
about 25" C by a potent ioitiE trie methcd, wherein the endpoint ia 
determined by a. steep potential increase. 

Q 

The cerboxy end group content is (3&tenifjLued by dissolving abour. 
0.30 g of nylon G in about 40 cc. of a mixture of benzyl alcoHol 
at 190° C. The solution is titrat^t^ witH about normal t-bu- 

tyl ammoniimn hydxoxide at abouc sa" C to about 100° C by a poten- 
S tiometric method, wherein the endpoint is determined by a steep 
potential increase. 



EXAMPLE 1 f Control r) 

Polymer Containing So Stabilizers 

in a polynieriaatioo of a nylon ff polyaer fRV 4 kg capro- 

lactam, 400 g water, 6.0 g {0.15 weight percent) of propionic 
acid are charged into a Xl-llter autoclave. The mixture is heated 
to about 260* C in one hour, while the pressure increases to ab- 
out GO psi f3,l02 ran Hg) . After holding the mixture at about EO 
pei [3,102 mm Hg) for about 30 olnuteB, the presflure is slowly 
released. To accelerate polymerisation, the syBtem ia placed un- 
der a vacuum of 300 mbar over the last 15 minutea. The polymer is 
tben esctruded under a positive nitrogen pressure and cut into 
chips. Thft chips are washed 6 times with 6 L of hot water tahout 
100" c) and driad under nitrog-esn. The polymer is poBtcondenaed at 
1SD°C to increase the viscosity to 2.7. The amino end group con- 
tent measures about 33 nteq/kg, amd the oarboxylic er^i group con- 
tent measures about 50 meq/kg. 



EXAMPLE 2 (Control II > 



Polymer Containing TAD Stabilizer 

In a polymerization of a nylon 6 polymer {Rv 2.4), 4 kg capro- 
lactam, 400 g water, 22.8 g (0.57 weight percent) of terephthalis 
acid, 10. B g (0.27 weight percent) of 4-smino-2 , 2 , S, fi-tetrame- 
thylpiperidine are charged into a li-litar autoclave. -The mixture 
is heated to about 260° C in one hour, whila the pressure increa- 
ses to about 60 psi (3,102 mm Hg) . A£ter holding nhe mixture at 
about 60 psi [3,102 mm Hg) for about 30 irinutes, the pressure is 
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slowly released. To ecselerate polymerizstion, the syHteri is pla- 
ceia under a vaeinnn of 300 mhar over the last 15 minutes. The po- 
lymei- is then extruaed under a positive nitrogen pressure and cut 
into chips. The chips are washed 6 tim«*s vith S L of hot water 
5 {abou- 100° C) and dried under nitrogen. The polymer- is pDEtcon- 
densed ab 16Q'*C to increase the viscceity tc; 2.4. The amino end 
group content measyres about 35 meq/kg, and the carboxylic end 
group content mea.sures alsout 71 jr,eq/kg. 

10 EXAMPLE 3 



Polymer Containing tad ana Carboxy-TAO Stabilizers 

In $ polymerieatioa of a nylon 6 polymer fRV 2.4), 4 kg capro - 
lactam, 400 q water, 22,8 g {0.57 weight percent) of terephthAlic 
acid, 10,3 g CO. 27 weight percent) of 4-aniino-2,2, e.e-tetrame- 
thylpiperidine, and 12. a g (0.32 weight percent) of 
4-cai:bo3ty-2,2,6,6-tetraiiiiethylpiperidine are charged into a ll-li- 
ter autoclave. The mixture is heated to about 260" c in one hour, 
while the pressure increases to aboat GQ pai {3,102 sati Hg) , After 
iiiolding the mixture at about 60 pai {3,102 mm Hg) for about 30 
minutes, the pressure is slowly relea-sed. To accelerate 
polymeriBation, the system is placed xinder a vaeiititu of 300 abar 
over the last 15 minuteB. The polymer. is tben extruded under a 
positive nitrogen pressure and cut into chips, -The chips are was- 
hed 6 times with 6 1, of hot water (about 100" C) and dried under 
nitrogen. The polymer is postoondenaad at IfiO^c to increase the 
viscosity to 2.4, ■Che amino end group content measures about 36 
meq/kg, and the carboscylic end group content mesEureg about 83 
meq/lcg. 



Palyitier Containing TAD and Carboxy-TAD Stabilizers 

in a polyrcierization of a nylon 6 polymer (RV 2.4), 75 kg capro- 
lactam, IS 00 g water, 412.5 g (D.55 welgiit percect) of 
terephthalic acid , 202. S g {0.27 weight: percent) of 

4-amino-2,2, S, S-tetramethylpiperidine, and 75 g fa. 10 weiglit per- 
cent) of 4-carboxy-2,2,6,o-tetraniethylpiperidine ate charged into 
a 2 50 -liter autoclave. The mixture is heated to about 270° C in 
one hour, while the pressure incre&aea to about 60 psi -3,102 mm 
Hg) . After holding the nixt-jre at about €0 pei {3,102 mm Hg) for 
^ about 30 minutes, the pressure is slowly released. To accelerate 
pclymeriEation, the system is placed under a vacuum of 500 mm Hg 
for less than S minutes, -THe polymer is then extruded under a po- 
sitive nitrogen pressure and cut into chips. The chips are washed 



IB 

Kith hot water (about SO'^ C) and firisd in ^ tumble dryer. The 
amino end group content measures about 4i r-=eg/kg, and the 
carbuxylic ead dtroup content- measures about 7B mcq/)cg. 

S EXAMPLE 5 

Polymer Containing TAD fmd Carboxy-TAD ELsbiliaers with Titanium 
Dioxide 

10 In a polymeriEation of a nylon 6 polymer tSLV 3.4), 74 kg eapro- 
lactam, leOO g water, 412. g (0.B5 weight percent) of 
terephthalie acid, 202. S g to. 27 weight percent) ot 
4-aaii£io-2,2,e,6-r;etraHieth.ylpiperidiiie, 75 g (O.IO vc^at percent) 
of 4-carbraty-2, 2, S, S-tatriamethylpiperidinej and 750 g (0.30 
IS weight percent} of a jiylon~fi master batch containing About 3 0 
percent f-.itanivm dioxide are charged into a 250-liter autoclave. 
The mixture ia he&ted to about 270" C in one hour, while the 
preasure increases to about 60 psi (3,102 mm Kg). After holding 
the mixture at about 60 pai (3,102 am Hg) for about 3D minutes, 
20 the preasure is slowly released. To accelerate polyneriEation, 
the system is placed under a vacuum of 500 ram Hg for less than & 
Hiinntes. The polymer ie then extruded under » positive nitrogen 
preasure and cut into chips. The chips are washed with hot water 
(about 90' c) and dried in a tumble dryer. The amino end group 
content measures about 41 meti/kg, and the carhoxylic end group 
content measures about 78 meq/kg. 
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3° Polymer ContalniJig TMJ and Carbosey-TAD Stabilisers 

III a polymer! Batioaa of a nylon-6 polymer [EV 2.7), 75 kg capro^ 
lactam, IBOO g water, 225. g (0.30 weight percent) of terephthalic 
acid, 112.5 g (D.15 weight percent) of 4-aiiiino'2 , 2 , B, 6-tetraitie - 
thylpiperidine, and 75 g (0,10 weight percent} of 
4-carboKy-2.2, G,6-tetraf»iethylpiperidina are charged into a 
250-liter autoclave. The mixture ie heated to about 270'' C in one 
hour, while the pressyre increases to about 60 p*i (3,102 im. Hg} . 
40 ^^^^^ li^l^SiTjg the mixture at about 50 psi (5,102 imn n^] for about 
3U minutes, the pressure is slowly released. To accelerate 
polymerization, the system ia placed under a vacumn of 500 im Hg 
for 3 0 minutes. The polymer ia the::i extruded under a positive ni- 
trogen pressure and =ut into chips. The chips are washed with hot 
water [abo^t 90° c] and dried in a tumble dryer. The amino end 
group content measures about 41 iieg/kg, and the carboxylic end 
group conter-t maaBures about £5 meq/kg. 
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Spinning of Bright 4U Dsnier/li Filament Yam 

5 The reeultingE nylon 6 polymers of Examplea 1 through 3 are &acli 
extruded ab 255-275' C. The extruded filaments are cooled a^id eo- 
lldified hy a stream of quench air at 15" C. Tlie fiiaaients are lu 
bri Gated with spin finish belcw the quench cabinet and are air 
interlaced to ijiprov& filament cohesion* Yarnei are taken up on a 

■0 winder at speeds greater than about 1300 m/min. The yarns are 
drawn prior winding, and the draw ratio varies from about 3,0 to 
aitjut 3.3. 
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Yellowing of Scoured Knitted Tubes 



The yarns (made in lilxampla 7) froa the polymera of Examples 1 
through 3 qre knitted into tubes, These three taiitted tubes are 

20 scoured in a 20,1 ba.th at 1,0 percent on weight of fabric (her- 
einafter -owf) Kierion HB-OL® (an anionic scouring agent availa- 
ile from BASF Corporation of Mount Olive, New Jersey} and 1.0 
percent owf tctraeodium pyrophosphate to remove spin finish and 
are rinsed and dried. The three knitted tubes are then exposed in 

25 an Atlas ci65 Xenon-Arc weather -Ometer® for 700 hours (Se"? kJ) in 
100 hour (141 kj) increments by the cou<3itions specified in the 
GM SAE J18&5 Test Method. The e>:poaed tubes are measured at each 
increment of eseposure for yellowing on an ACS Spectrophotometer. 
■She Pelta b* valu*a are a meae-urQ of yellowing. A higher Delta b* 

3 0 val-je Indicates a more yellow sample. The reeulta of these ejujo- 
Hures, which are plotted in FIG, 1, show that the tubes spun from 
0.15 weight percent propionic acid (control I) and 0.57 weight 
percent terephthaiio acid /0.27 weight percent 

4-amiiio-2,2,6,5-tetraiaethylpiperidine CQontrol II) yellow signi- 
35 ficantly more than the tub^s spun from 0,57 weight percent 
terephthalic acid/0.27 weight percent 4-aininD-2,2, 6, fi-tetrame- 
thylpiperidine/O.^Z weight percent 4-carboxy^2,2, 6,6- tetramethyl - 
piperldine (invention) . 

*0 EXflMPLE 9 



Heat Aging of Yams 



Another set oE Iniitted tubes made in accordance with Example 6 
are exposed in a forced air heated oven at 170= C for about 23 
minutes to determine the relative yellowing between the dif^^^rent 
yarns when exposed to this ex-reme condition. After this heat ex- 
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pcaure, the samples are r.eaeured for yellowing on the ACS Spec- 
tropiiotometer, ana their color differer.ce relative to an ynexpo- 
9E^d ccntrol is determined. These Delta b* values aire given in 
Table 1 below (each Delta b* value in Table 1 is the average of 
5 twa readings per aaitiple from two samples for each, condition) . The 
results in Table 1 show that the tube spur- from 0.57 weight per- 
cent terephtlialic icid/C.27 weight percent 4-aminO'2 , 2 , , fi-tetra- 
methylpiperidine/O . 32 weight percent 4~carboxy-2 , 2 , 6, 6-teCraiEie - 
thylpiperifiine {invention) yellows leas than the tubes spun from 
10 the other poiyiaers fcontrol 1 and control ilj , 



STABLE 1 



Heat Aging [Yellowing} of Seoured/Ktaitted yarne 

15 



35 



Sajtiple 


Delta b* Value 


0.15 weight percent propionic aciol tExaaiple ij 


8.0 


0.57 weight percent tftrephtalic ecid/O.Sfi weight 
percent 4 - anino -2,2,6,6- tetramethylpiperideine 
(Example 3} 


7.3 


0.57 weight percent terephtaiic acid/0,27 weight 
percent 4 - amino- 2 , 2 , fi , 6 - tetrametli/lpiperi - 
dine/ 0.3 2 weight percent d -carboxy-2, 2, 6 , 6 - tetra- 
iaethylpiperidlne f Example 3) 


2, S 



EXAMPLE 10 



Strength Retention 
30 ^ 

Th-c&B more sets cf Jaiitted tubes rtiade in accordance with Exjunpla 
a are dyed in separate eguivaltmt dyebatha in typical automoLivs 
headlineir shadss of green, gray, 3uid burgundy. The dyeings are 
done in a 30:1 dyo liqtuor ratio using the following! 0.5 percent 
owf Supralev AC® [a dyeing assistant and leveler available from 
Rhone -Poulene, Inc. of Lawreneevills, Georgia), 1.0 percent owf 
Sandogen MH® ta dye leveling agent available from claxi&nt Corpo- 
ration of Charlotte, North Carolina), and 0,5 percent owf Amquest 
LD3® (a dye aolubilizer available from Ajnerican Emuleione Coinpany 
of Dalton, Georgia) . The dyeibaths are adjusted to a pH o£ 6.5 
witli acecie acid and heated to C at l' C per minute- The dye- 
j>athe are run for about 45 minutes at 95° C after vftLtch they are 
cooled, and the dyed aainples are rinsed e.nd dried. The following 
dyes are uaed to formulate the dye shades; Infcralan® Yellow GRL 
^5 2D0 percent, ini^ralaii® Bordeaux RLB 200 percent, and Intralan® 
Bordeaux EL 200 percent, Irgalan® Yellow 2GL 250 percent, Irga- 
Ian® Yellow 3RL, Irgalan® Yellow GRL 200 percent, Irgalan® ElafiJc 
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R3L 200 percent, Irgalar^* Blue 200 percent, Irgal&n* Red 

Brown RL 2C0 percent and Irffalan® Gr^y GL 2 0C percent all availa- 
ble from Ciba Specialty Chemicals Corporation of High Point, 
North Carolina, ar,d Lanasyn"^ YellovJ LMW available from Clariajit 
5 Co rpor a t i on . 

After dyeing, the samples £te tested for automotive dye light- 
fastness by exposure in an Atlas Ci65 Xenon -JVrc Weather- Ometer® 
for 112.8 k-J, a2b.6, 300.8 ancl 468.6 kj by the condltiona apeci- 

10 fied in the GM SAE Jiees Test MetHod, The strength cf the yarns 
ravelea froiii the knitted tubes, ae well as the strength retention 
of an original dyed, non-exposed sample, i« measuroc. before expo- 
sure and after each increment of exposure. These results are 
shown in FIG. 2. The reaulta indicate that, for each of the <ayed 

15 shades, Uie sajiple with 0.57 weight percent xexephthalic 
acid/Q,27 weight percent 4-aniino-2,a, e.e-tettamethylpiperl- 
dine/O.sa weight percent 4-carboxy-2,2,6,fi^tetraitiethylpiperidiTie 
(ir.vention) has less strength loes than the controls {0.15 weight 
p&rcent propionic acid and 0.57 weight percent terephthalic 

20 aGld/0.27 weight percent ^-amino--2, 2 . fi-tetrametliylpiperidine) , 

while the invention haa been described in connection with t/hat is 
presently considered to be the most practical and pref 6rre<3 embo- 
diment, it is to be understood that the invention is njot to be 
2S limited to the disclosed einbodiment, but on the contrary, is in- 
tended to cover various modification a and eijuivalentB arrange- 
ments incauded within the spirit and scope of the appended 
claims. 
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A method of laakir-g an inherently light- and LieaU-stEibllised 
polyamide cgmpriBing subjecting one or more polyamide-f orining 
aonomc-s to a polymerization process In the presence of (a) 
an effective amount of at Isast one piperidine compound re- 
presented by foriaula (I) : 



[X]ia-C(0)-R6 



Whetein Ri i5 hydrogen, benzyl, or a. d-Cjy alkyl, sro each 

20 hydjTDgen or the aaiuie or a different Ci-Cs alkyl, x has ti free va- 
lance bonding sites and is an aU:yl or substituted alkyl having, 
from about 1 to about 30 carboti atcaag or iSJi aryl or substituted 
aryl having from about 6 to about 20 carbon atoms, m is 0 or 1. 
"C{of-Rfl is a group that can form an amide bond to^ather with an 
25 amine, and n is egual to 1, 2, or 3 and {b} an effective amoimt 
of at least one i-ainino-2,i, S, S-tetrameth.yi'piperLdine compoundl 
representedl by fotmula (II) : 




ill) 



vher-ein K7 is hydrogen, hensyl, or a Ci-Cac aLJcyl. 

2. The method of claim 1 wherein and R7 ara hydroge::! , r^^-Rs 

are each a methyl group, Rg is e hydroxyl group, ui is 0, and 
n is 1, 
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3- The method of clain 1 wjierein Ri and P,, are hydrogen, Hj.-Re. 
are each a met]iyl group, is a hydroKyl group, m is 1, n is 
1, and X is selectei^ from tlie group consisting oi: C1-C4 alfcyl 
Hiethyleiie, and ethylene. 

4. The method of claim 3 wherein St is CH^. 

5. The metho^i of claijt 1 wherein the polyamide-foming Jtionomers 
comprise caprolactam monomers. 

) 

6. THe method claim 1 whersijj the polyamide-f oming monomers 
connprise a;, Itsast one diamine coti^ound and at least one 
dicarboxyaic acid, 

: 7. The method of claim 6 wherein ths at least one diamine 
compDUnd is selected frcm the group consisting of hexa- 
methylenedi amine and tctramefcliylenediaiEine end 'the at least 
one dicarboxyiic acid is selected from the group consisting 
of adipic acid, sehacio acid, and terephthalic acid, 

a , nie method of claim 1 wherein the polyamide-f orming nioaomere 
comprise dic^rboxylic acid dimiae salts, 

9. method of claim 1 wherein the polymerisatior. process is ' 

further carried out In the presence of at least one chain-re - 
<^latiTig ccmtpounci other thaci the compounds represented by 
formul&e (1} and fri) . 



10. 
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The method of claim 9 wherein the at least pae chain-regula- 
ting compound is selected from the group con.qisting of ivono- 
carboxylic acids, diearboxylie acids, amines, diamines, and 
combinations thereof. 

The method of claim 10 wherein the at least one chain-regnla- 
ting CQOopound eon^prises one or more diearboxylie acids, 

12, The method of claim 11 wherein the one or more dicarhtjxylic 
acids ia selected from the group consisting of C^-Cio alkane 
diearboxylie acids, Cs-Ce cycloalkane diearboxylie acide, ben- 

J Eoic dicarbosEylic acida, and eoirtbi nations thereof, 

13. The method of claim 12 wherein -he one or more diearboxylie 
acids i3 selected from the group consisting of adipic a.cid. 
terephthalic acid, sehfiicic acid, dccBtnedicaibcxylic acid, 

i isophthallc acid, and combinations thereof. 
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14. The method of claim ID wherein the- at least one qhaiu-reguXa - 
ti:ii? Compound cor^^prissG one or: more diarcines , 

15, The method of clain 14 wherein the one or ciore diamines is 

5 selfi<^ted from tHe group coaeistiiKj o£ Ca-Ci* alkane diaralnea, 

Cj-Ca cycloalkane diairines, Cs-C-a aryl ciiajaines, and 
combination 5 thereof. 

15, The m-thod of cLaint 1 wherein the poli^ierization process is 
10 further carried out iu the presence of at least one pigment. 

17, The method o£ ciaijn l viierein the inherently liglit- and ieat- 
staiilxBea polyaaide is selected from the group consiEtlng of 
nylon 5, nylon nylon 4/6, nylon 5/10, and aromatic ny- 

15 Ions selected from the group consisting oi poly (meta-^heny- 

lene isophthal^niide) and poly {par a-phenylene terephthala- 
mide) . 

18. An inherently light- and heat-atatollized polyamide coinpri- 
20 3ir,g: 

fa) a hacfcboDe polymer chain having two chain ends; 
ih) at le*5t one piperidyl radical chemically bonded to one 



25 



□d of the b&ckbone polymer chain of the inherently 
-±ght- ana heat-stabilized polyamide, the at least one 
piperidyl radical repreaented by foimula (III) j 
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Ha 



wherein ig hydrogen, hensyl, or a d'Cjo alkyl, Ra-Kg are each 
hydrogen or the same or a different Ci-Cg alkyl, X has n free va- 
lance bonding sites and is an alkyl or substituted alkyl having 
40 from about 1 to about 30 carbon ato^ns or an aryl or □ubetituted 
aryl having from about 6 ho about 20 carbon atoma, m ia 0 or 1, 
and li is equal to 1^ 2, or 3; and 
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:c) at least one 4-amino-2, 2 , 6, s-tetramethylpiperidyl jradlcg.1 
chemically bonded to the other end of the backhone poiv- 
mer chain of the inherently light- azid heat-atabiliaed" 



wo 99/^1297 PCT/EP99;B0932 
25 

POiYHmlde, -ha at le£.st one , 2 , 5 , G^tetramethyl - 

piperidyL radical rep res en ted by formula (rv) ; 



I 

St 



whereiTi R7 is hydrcsgen, benzyl, or a Ci-C2(j alkyl. 

15 IS. The polyamide of claim IB wherein R, «ict R, are Jiyirogen, 

R2-R5 are sach a methyl group, Jftg is a liydroxyl gtoup, m ig 0, 
and n is 1, ■ ■ 



20 
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The, polygffiide of clalin IS wherein and are hydrogen, 
Ra-Rs are each a methyl gro^p, is a hydroxyl group, m 15 1, 
X is a CH2, and n is 1. 

Tae poiyamide of claim 10 further comprising at least one ra- 
dical of at least one chain-regulatitig ctanpomid ether than 
25 the compounds represented by formulae [III J and fiv) , the at 

least one radical being chsmcally bonded to the hackbane po- 
lymer chain. 

22, The polyamidft of claim 21 wherein the at least one chain-re- 
30 gulating compound is selected from the group consistijiy of 

aouocarboxylic aoidg, dicarboxylic acids, amines, diaiiiineB, 
and combinations thereof < 

■^he polyamida of claim 22 wherein the at least one chain-re - 
gulating compound coucpriaes one or more dinarboxylic acids. 

24. The Fciyandde of claim 33 wherein the one or more dicarb- 
oxylic acids is selected from the group consisting of c^-Cii, 
aifcane ^ilc:arbo:Qrlic acida, Cg-Ca cyeloalltane dioarboxylic 

» aclde, benzole dicarbojtylit acids, and ooitibi nations thereof. 

25. The polyamide of clalHi 2i vherein the ond or more dlcarh^ 
axylic acids is selected from the group coneiating of adipic 
acid, terephthalic acid, sebacic acid, decanedlcarboxylic 
acid, isophthftlic acid, and combinations thereof. 
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26. The polyamiae of claim 23 wherein the at least dtip chain-re- 
gulating compQund coaipriBQS oa^ or more aiaminfi.? . 

27. The polyaiDiae of claim 26 wherein th^. diamii^e selected 
5 from the group consisting of c^-Cie alkane diamines, Cg-Ca 

eycloalkane dianines, 05-0^4 aryl diamines, and comb in at ions 
thereof , 

28. The polyaraide of clfiim 19 inhere in the polyamide further com- 
prises at least one pigment. 

29. The pi^lyamide Of Claim 18 wherein the inherently light- and 
heat-stabiliaed polyemide is selected from the group consi- 
sting of sylon S, nylon 6/e, nylon 4/6, nylon 5/10, and aro- 

lis iiiatic nylons selected from the group consisting of poly(meta- 

phenylene isophthalamide) and poly (par a -phenyl ene terephtha- 
lamidej . 

30. ha. article comprising the inherently light- and heat-stabili- 
30 zed polyamide of claim la. 

31. The article of claim 30 wherein the articU is selected from 
the group consisting of fibers, yarns, carpets, and textile 
fabrics , 

25 

32. The article of claim 31 wherein the article ie a pigaentea 
fiber. 

33. 'The article of claim 31 wherein the article is a dyad fiber. 
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FIG.1 



Yelfpwrng of Scored Knitted Tubes by m SAE J1S85 Test MeM 
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FIG.2 



Lightfastness of Automotive Carpet Shades Dyed without Cibafasl N 
Exposed by GM SA£ J18B5 Test Mettiod 
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FIG.3 



% Strength Retained for Soiution -Dyed Opal Gray 
Exposed fay AATCC 16E Test Method 
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